Alternative methods of selection for litter size are discussed for application in a population of mice. Selection based on an index of ovulation rate and total number born/ovulation rate and on litter size in u n i l a t e r a l l y ovariectomized females are being carried out and compared to ordinary litter size selection and a control. Selection on the index is expected to place a more optimum weighting on the components of litter size than does selection on the natural index. Selection in unilaterally ovariectomized females is designed to challenge uterine potential and possibly increase the expression of genetic variation for selection. Discussion of reasons for the alternative methods, procedures with which the selection methods are carried out and early results from four generations of selection are presented.
INTRODUCTION
Increasing the number of young produced in a pregnancy may be a major avenue for improving the efficiency of overall meat production in a species such as swine (Tess et al., 1983) . Direct selection for litter size in swine was unsuccessful in the one study that has gone at least ten generations (Ollivier, 1982) , even though the average heritability from several studies based upon the covariances between relatives is .10 (Young, 1978) and variation is large. Mice have been used as a model in the laboratory for litter-bearing species. S e l e c t i o n for l i t t e r size in m i c e has b e e n mor e s u c c e s s f u l . R e a l i z e d heritabilities for increased number born from a number of studies range from .07 (Falconer, 1971) to .18-.20 (Bradf ord,196 8; Eisen, 1978) .
Because litter size is a relatively complex trait, determined by ovulation rate and the proportion of ova resulting in offspring at term, the correlated and direct effects of selection on its components are of interest. Bradford (1979) reported that in mice, direct selection for embryo survival weighted by the size of the litter resulted in a substantial increase in litter size/ovulation number and litter size; selection for ovulation rate gave a large direct response but no increase in litter size. Zimmerman and Cunningham (1975) found that direct selection for increased ovulation rate in swine was effective, however the positive response in number of ova shed was accompanied by a lower embryo survival (Cunningham et al., 1979) . Johnson et al. (1984) suggested utilizing a selection index of the components of litter size so that o vulation rate is expected to increase as rapidly as possible without being negated by a decrease in embryo survival; this index gives different weighting to the components than Anima1 Science Department, University of Nebraska, Lincoln 68583-0908 USA the natural index of litter size. A study was undertaken with mice at the University of Nebraska to eva l u a t e a l t e r n a t i v e methods of selection for increasing litter size. Selection on an index of the components in the Aanner proposed by Johnson et al.(1984) and selection on litter size in u n i l a t e r a l l y ovariectomized females are being compared to ordinary selection on litter size. This paper reports reasons for possible effectiveness of these alternatives, the methods of selection and the initial results of the work.
REASONS FOR ALTERNATIVE METHODS
Direct selection for increased litter size is complicated by the fact that number born is a natural index of two component traits, o v u l a t i o n rate and the proportion of those ova that are represented by n ormal offspring at term. This natural index may not apply the optimum weighting to each of the component traits that is needed to maximize genetic improvement of litter size. Johnson et al. (1984) found this to be e s pecially true in a swine popu l a t i o n where both the genetic and phenotypic correlations between ovulation rate and embryo survival were assumed to be negative. Comparison of the derived index to the natural index showed, proportionally, direct selection for litter size placed about 180% as much emphasis on embryo survival and 62% as much emphasis on ovulation rate as did the optimum index.
The most recent estimates of parameters from our mouse population (Clutter a n d N i e l s e n , 1 9 8 5 ) w e r e o b t a i n e d f r o m 1 5 0 f u l l -s i b f a m i l i e s . Heritabi 1 ities were .18, .33 and .15 for total number born, o v u l a t i o n rate and total number born/ovulation rate (ova success), respectively. Genetic and pheno typic correlations between o v u l a t i o n rate and o v a success were .08 and -.04, repectively. Optimum weightings for the linear index of litter size components were obtained, and the accuracy of the index was found to be .52. Based on the estimated heritability of .18 for total number born, the use of the optimum index results in a 23% improvement in the accuracy of selection over direct selection for litter size. Improvements in both ovulation rate and ova success are expected given selection on the index.
A second al t e r n a t i v e currently being exp l o r e d in swine for g e n e t i c a l l y improving number born is to shift selection pressure to ova success in an environment where it is uncorrelated with ovulation rate and may have a higher heritability. In order to acheive this e n v i r onment in swine, females can be altered by unilateral hysterectomy-ovariectomy. Removal of one ovary results in a compensatory increase in ovulation rate from the remaining ovary so that there is little decrease in total ova shed. The larger number of ova being shed from the intact ovary are forced to survive in the single remaining uterine horn. Thus, selection for number born in these altered swine females emphasizes the ability to produce v i a b l e embryos in one uterine horn w hen o v u l a t i o n rate is not a limiting factor. Higher heritability or greater expression of genetic variation may result if all animals are challenged in their uterine potential to sustain a large number of embryos. This alternative method can be applied more easily in the mouse where the duplex nature of the uterus prevents migration of ova from one horn to the other. A simple unilateral ovariectomy floods one uterine horn with nearly do u b l e the average number of ova in the natural situation.
SELECTION METHODS
A population of outbred, CF1 mice was used to generate the following lines for this selection study: direct selection for total number born (LS), selection based on an index of ovulation rate and total number born/ovulation rate (IX), selection for total number born from females undergoing unilateral ovariectomy at four weeks of age (UT), and an unselected control (LC). Three replicates, each composed of the four selection lines and from a common base, make a total of 12 lines. Replicates were separated in time by four weeks. In each of the select lines (LS, IX and UT), 16 litters were selected each generation based on the specific line criteria for their dam's performance. A l l females from the 16 selected litters were mated at approximately nine weeks of age to produce the next generation of litters. Two males from each of the 16 litters were chosen at random to complete these matings. Each generation prior to mating, a computer program designed for this study was used to calculate the relationships among the selected litters in each line, A second program designed to minimize inbreeding assigned pairings for animals based on the relationship matrices. Each male was paired with 2-4 females and females were moved to individual littering cages 18 days later. App r o x i m a t e l y 80-90 litters per select line were produced and the selection procedure repeated.
In the LC line one female and one male, plus an alternate male and female, were chosen at random from each of the 16 litters representing the generation. This procedure was designed to insure that each of the 16 litters were represented by one female parent and one m ale parent in the next generation.
Monogomous pairings were made at approximately nine weeks of age according to the c i r c u l a r p a i r -m a t i n g s c h e m e d e s c r i b e d by K i m u r a and C r o w (1963).
Within 24 hours following parturition, litters were sexed and reduced to 10 with an ideal ratio of 7 females : 3 males in the select lines and 5 females : 5 males in the LC line. This procedure was designed to m a ximize opportunities for selection among females in the select lines and guard against sexing errors and loss of breeding m a l e s from each litter. Litters in a l l lines were weaned at 3 weeks of age.
In the IX line mating dates were recorded based on ob s e rvation of vaginal plugs. Eighteen days following mating the pregnant females were anesthesized and bilateral ovariectomies performed. Ovulation rate (OR) was determined by counting the corpora lutea on the excised ovaries aided by 10X magnification and dissection. Females littered the following day, providing the measurement of total number born/ovulation rate or ova success (OS). The index of OR and OS was derived using the method described by Smith (1967) for finding the optimum linear selection criteria when the definition of net merit is the product of two compo nent traits. Parameter estimations obtained from a set of ful l -s i b families generated from this same population were as follows. Means were 13.2 eggs and .795 percentage points, phenotypic standard deviations were 2.0 eggs and .21 percentage points and heritabilities were .42 and .21 for ovulation rate and ova success, respectively. The genotypic and phenotypic correlations between ovulation rate and ova success were zero. For application, the optimum weightings were adjusted so that the index had a standard deviation equal to that of litter size (3.0). The adjusted index was I = 1.12 OR + 9.29 OS.
All females in the UT line underwent unilateral ovariectomy at four weeks of age. Data from work with this population in our laboratory showed the five-week period from surgery to mating results in a nearly complete compensation in number of ova shed from the remaining intact ovary without significant uterine hypertrophy before implantation of fetuses. Due to the duplex nature of the mouse uterus, the large number of ova shed from the remaining ovary are restricted to a single uterine horn. Right ovaries were removed in all females since data on the base population showed lower OR and OS in the left side of reproductive tracts. It appeared there would then be more chance of challenging uterine potential by leaving the left side intact.
INITIAL RESULTS
At the time of this writing, the study had progressed through four generations of selection. Select line generation means deviated from the control and averaged over all three replicates are shown in figure 1. To this point there had been no consistent response in the LS, IX and UT lines. The UT line averaged about 2.2 less pups due to limiting reproduction to only a single uterine horn. One would expect to have seen some response by the end of four generations given the estimated heritability (.18) and the intensity of selection being practiced. Measures of the components of litter size are only a v a i l a b l e in the IX line. The regression of the IX line mean for ovulation rate averaged over replicates, on generation number was .40. However, the regression of mean ova success on generation was -.013. A complete evaluation using unaltered females, of all lines after five generations of selection is planned and will provide data for valid comparison of changes in litter size components, as w e l l as other possibly correlated traits. The data presented above are subject to a number of measurement errors. Cannibalism of newborn young does occur in the mouse. In this population the problem appears to be mainly with stillbirths or pups dying shortly after birth. Thus, not only does cannibalism of pups tend to reduce selection intensity within a line by causing errors in ranking based on total number born, but it may also affect line mean comparisons if frequencies of dead pups at birth differ between lines. Litter size data are collected as quickly as possible following parturition in order to minimize this source of error. The frequency of pups found dead at birth is greater in the IX and UT lines and may cause a higher rate of cannibalism. Miscounting of corpora lutea in the IX line leads to errors in the ranking of females for the index and thus loss in selection intensity. Counting errors are expected to be larger in higher ovulating females.
